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The coexistence of ferromagnetism and superconductivity has attracted considerable 
attention since the discovery in UGe2. Since then, both experimental and theoretical 
studies have been carried out intensively, and at the present time, some other materials 
showing the ferromagnetic superconductivity have been found, such as URhGe, UCoGe, 
UIr, and so on. These compounds show strong Ising anisotropy in their magnetic 
responses, and the effects of the longitudinal and transverse magnetic fields are distinct 
on their superconducting (SC) properties. These aspects have been extensively studied 
for URhGe and UCoGe, and the response of the transverse magnetic field deserves 
special attention. For URhGe, the superconductivity once disappears for the transverse 
magnetic field H ~ 2 T, however, it reappears around H ~ 8 T. Detailed NMR 
experiments clarify that this reentrant superconductivity is related to spin fluctuations 
around the tricritical point of the ferromagnetism. Similar tendencies are also reported 
in UCoGe, where the superconductivity continues to exist with a huge increase in the 
transition temperature of the ferromagnetism. 
   From a theoretical point of view, there are several analyses of the reentrant 
superconductivity, such as Ising magnon mechanisms, superconductivity mediated by 
phenomenological spin fluctuations, and effects of a Lifshitz transition. However, the 
lack of microscopic analyses prevents us from deep understanding the reentrant 
superconductivity. It is highly desired to clarify whether the superconductivity is 
enhanced or not in a standard model describing the Ising ferrimagnets.  
   Motivated by these points, we study SC correlations in one-dimensional Kondo 
lattice models (KLMs) with Ising anisotropy under magnetic fields, which are simplified 
models describing the basic properties of URhGe. We investigate the two types of KLMs: 
the one is spin-1/2 KLM with Isign interactions between local spins, and the other is 
spin-1 KLM with a single-ion anisotropy. To obtain asymptotically exact results, we use 
the density matrix renormalization group, which is the most reliable numerical method 
to analyze one-dimensional correlated systems. Although U(1) symmetry for SC order 
parameters are not broken in one-dimensional systems, one can evaluate SC tendency 
by analyzing the distance dependence of Cooper pair correlations. The main results in 
this Thesis are summarized as follows. 
 
1. Magnetic phase diagrams 
We determine magnetic phase diagrams of both spin-1/2 and spin-1 KLMs under the 
transverse magnetic field by analyzing spin–spin correlation functions. We find 
various phases in the ground state of the spin-1/2 KLM, such as ferromagnetic (FM), 
Kondo plateau (KP), Tomonaga–Luttinger liquid (TLL), and fully polarized phases. 
Pseudo plateau in magnetization curves appears in the KP phase. We clarify that 
the phase transition between the FM and KP phases corresponds to the 
two-dimensional Ising universality class. Around this transition point, 
metamagnetic behavior emerges in the magnetization curves, which is consistent 
with the experimental results in URhGe. We also find that the spin-1 KLM shows 
antiferromagnetic phases and charge-density wave states in addition to the above 
phases found in the spin-1/2 KLM. 
 
2. Superconducting correlations 
We study the SC correlations in the spin-1/2 and spin-1 KLMs under both 
transverse and longitudinal magnetic fields by analyzing Cooper pair correlations. 
In addition to the conventional Cooper pairs, we also examine composite ones 
coupled to the local spins within the nearest neighbors. Although the magnetic 
properties of both KLMs are similar to each other, the SC correlations are enhanced 
only for the spin-1/2 KLM when the magnetic field applied along the transverse 
direction. This enhancement of the SC correlations occurs in the TLL phase close to 
the KP phase, and the magnetic moment of the conduction electrons along the 
transverse direction vanishes around this region. This means that the vanishing 
effective magnetic field felt by the conduction electrons is strongly related to the 
enhancement of the SC correlations. In addition, if the Kondo exchange coupling 
and the Ising interaction are sufficiently strong, the SC correlations are enhanced 
inside the FM phase even without the transverse field. This originates from the fact 
that the direct Ising interactions between the local spins lead to attractive 
interactions among the Kondo singlets formed by the strong Kondo exchange 
coupling. Although the parameters are too large to represent the real situations, the 
spin-1/2 KLM shows the reentrant enhancement of the SC correlations by the 
transverse magnetic field. The discovery of these enhanced SC correlations is 
another main result in this Thesis. 
 
Our asymptotically exact results of the one-dimensional KLMs explain an essential part 
of the reentrant superconductivity in URhGe and are an important step toward future 
studies of the higher-dimensional systems. 
 
